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Gastroesophageal reflux disease (GERD) is a worldwide disorder with an increasing 
prevalence. The quality of life (QOL) of the patients may be influenced by reflux disease. 
Diaphragmatic breathing (DB), as well as aerobic exercise (AE), may improve the symptoms 
of reflux disease, although it remains a controversial issue. The aim of this study was to 
compare the effects of AE and DB on QOL and lower esophageal sphincter (LES) pressure of 
patients with moderate to severe reflux.
METHODS
This was a case-control study that was conducted for 8 weeks among patients with 
moderate to severe GERD. The block randomization method was designed to randomize 
patients into three groups (AE, DB, and control) to achieve equal sample sizes. The 
control group received omeprazole 20 mg once daily. The other groups, in addition to 
omeprazole, received AE and DB. QOL and LES pressure were measured before and 
after the study by Questionary and Manometry method, respectively.
RESULTS
75 patients were enrolled in this study. Positive effects of DB on LES pressure was 
approved (p = 0.001). DB had significantly more effects on QOL than aerobic exercise (p = 
0.003). AE can significantly improve QOL in patients (p = 0.02) but no significant change 
in LES pressure (p = 0.38). There was no change in the control group for both variables. 
CONCLUSION
AE had no effects on LES pressure but can improve QOL of the patients. DB had 
more effects on QOL than AE, so injured or disable patients with reflux who cannot do 
AE, can benefit from DB to improve their reflux symptoms.
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INTRODUCTION
Gastroesophageal reflux disease (GERD) is a common 
disorder worldwide with an increasing trend.1 According 
to the Montreal definition of GERD, it is “a condition 
which develops when the reflux of stomach contents 
causes symptoms”.2 Approximately one-quarter of peo-
ple living in Western countries have experienced GERD.3 
In the epidemiological studies conducted in Iran so far, 
a very wide range of prevalence has been reported for 
GERD, and also reflux has increased over the last two 
decades.4 Heartburn and regurgitation are the most fre-
quent symptoms of reflux, and also, dysphagia, chest pain, 
chronic cough, laryngitis, and asthma may be present.5 The 
main underlying causal mechanism of GERD consti-
tutes a failure in the valvular mechanism of the lower 
esophageal sphincter (LES), which normally prevents the 
return of stomach contents to the esophagus. The dia-
phragm muscle, the abdominal part of the esophagus, and the 
acute angle of His are the main structures of the anti-
reflux barrier.6 LES pressure plays a vital role in reflux 
control, as assessed by the esophageal manometry method.7 
On the other hand, proton pump inhibitors (PPIs) are the 
first step and effective in preventing complications of 
GERD.8 PPIs have many side effects on the body, and 
about 40% of patients experienced refractory GERD and 
have resistant symptoms.9 While laparoscopic anti-reflux 
surgery (LARS) is the common way for PPI-refractory 
GERD,10 patients prefer less invasive anti-reflux treatment.11 
So, it is necessary to use less invasive, available, and 
simple intervention to decrease GERD symptoms and 
improve the quality of life (QOL) of the patients.12 DB 
exercise by activating the diaphragm muscle can reduce 
reflux symptoms.13 Some studies evaluated the effects of 
AE on the symptom of reflux and found contradictory 
results. High-level AE induced reflux in athletes because 
the LES resting pressure was decreased.14 Also, Bilski 
suggested that moderate AE had a positive effect on the 
gastrointestinal tract and may decrease reflux.15 Other 
studies conclude that moderate AE has no influence on 
reflux.16,17 So, the aim of this study was to compare the 




The study started when consecutive patients attending 
Taleghani Hospital were invited to join after fulfilling inclu-
sion criteria. The study design was before and after with 
the control group (ethics code: USWR.REC.1396.272). 
Participants (18 to 50 years old) were included if they 
had moderate to severe GERD, according to the assessment 
of clinical severity by Kahrilas definition.18 Furthermore, 
patients with stable cardiovascular and respiratory system 
were considered to be included. Exclusion criteria were 
alcohol and tobacco use, pregnancy, patients with extreme 
body mass index (< 18 or > 35), or surgery involving 
the gastrointestinal tract because these may alter the 
anatomy and physiology of the esophagus and stomach. 
Informed consent was obtained from all participants, and 
the protocol was approved by the Singhealth Centralised 
Institutional Review Board before the start of the study.
All participants were matched according to age, sex, 
and demographic characteristics. The block randomiza-
tion method was designed to randomize 75 patients into 
three groups that resulted in equal sample sizes. In the 
control group, omeprazole (capsule 20 mg, KRKA, Slovenia), 
before breakfast and daily, was used by the participants. 
In the DB group, in addition to omeprazole, DB was per-
formed, and in the AE group, in addition to omeprazole, 
AE program was used. The study was performed for 8 
weeks, and the patients in each group received their in-
terventions during this period. Researchers contacted the 
patients through phone calls as well as the traditional face-
to-face clinical program. All patients completed the study.
Esophageal Manometry 
The esophageal manometric procedure was performed 
by a gastrointestinal specialist in a way that was described 
by Spechler.19 This procedure (using the Sierra system 
[Duluth, GA, USA]) was performed with volunteers in 
the supine position and after at least 6 hours of fasting. 
The probe had 36 pressure 1 cm apart and 18 impedance 
sensors 2 cm apart. Pressure calibration was performed 
at 0 and 300 mmHg and zeroed to atmospheric pressure 
before the procedure. The probe was positioned through 
one nostril with at least five sensors distal to the diaphragm. 
The motility catheter was passed through the nose or 
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mouth until the pressure sensors were positioned in the 
stomach and while the patient breathed quietly. LES 
pressure was measured as the mid respiratory level in 
the area of maximal pressure. 
Quality of Life Quetionary
All patients were given Quality Of Life in Reflux and 
Dyspepsia Questionary (QOLRAD) at baseline, at the 
end of the treatment for DB, AE, and control group. This 
questionary was translated to the Persian language and 
had good validity. We evaluated the total score to suggest 
the QOL; the higher score means a better quality of life.20 
Diaphragmatic Breathing Exercises (DB)
DB was performed five days a week and five sessions 
each day. Each session consisted of 75 respiration. The 
patient is lying in the supine position and placing a pillow 
under his knees, putting one hand on his chest and placing the 
other on the abdomen and maintaining his or her contact 
with the body. The patient inhales a deep breath through 
his nose, as much as the abdominal hand reaches the 
highest point of the earth. Then, he takes out air through 
his mouth and returns to the first (Figure 1).
Aerobic Exercises (AE)
First, the maximum heart rate was recorded for each 
person [maximum age-related heart rate is achieved by 
subtracting age from 220 (beat per minute)]. For moderate-
intensity physical activity, the target heart rate should be 
about 70% of the maximum heart rate.21 Participants run 
with 70% of maximum heart rate for about 20 minutes for 
each session. Patients received this program five sessions a 
week during the study.
Statistical Analysis
The study was initially designed to compare the efficacy 
of AE on the QOL and LES pressure versus DB. However, 
early into the study, it was noted that most patients recruit-
ed had moderate to severe reflux, and the study protocol 
was amended with the new aim to compare QOL and 
LES pressure of post-DB patients with AE in all patients. 
All authors had access to the study data and reviewed and 
approved the final manuscript. Kolmogorov-Smirnov test 
was utilized to assess normality by SPSS version 23. Differ-
ences in outcomes between two groups were analyzed with 
ANOVA and ANCOVA; respectively. paired t test was used 
for considerable differences within groups. Variables were 
analyzed while the level of significance was set at p < 0.05. 
RESULTS
Patient Characteristics
A pilot study was first performed on eight patients with 
reflux. Twenty subjects in each group was calculated with 
a test type I error 0.05 and test type II error 0.20, by using 
the software PASS 11.
Seventy-five participants were enrolled and were random-
ly allocated to three groups. The mean age in AE group 
was 37.00 ± 9.25years and in the DB group was 42.62 
± 8.20 years. Furthermore, the control group consisted 
of 13 women with mean age of 40.31 ± 6.88 years. The 
initial 50 patients underwent DB and AE immediately on 
enrolment (treatment groups), whereas the subsequent 25 
patients were considered as the control group. There was 
no significant difference in terms of demographic charac-
teristics between the groups (Table1).
Esophageal manometry
There was no significant difference in the LES 
manometry before the study between the groups (p = 
0.19). DB had significantly positive effects on LES pressure 
(p = 0.001). No significant change in LES pressure was 
seen in AE group (p = 0.38). There was no change in LES 
pressure in the control group (Table 2). 
QoL Score
There was no significant difference in the QOL before 
the study between the groups (p = 0.13). DB had sig-
nificantly more effects on QOL than AE (p = 0.003). AE 
could significantly improve the QOL of the patients (p = 
0.02). There was no change in QOL in the control group 
(Table 2).
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Fig.1: How to do diaphragmatic breathing exercise 
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DISCUSSION
Our study showed that in patients with moderate to 
severe GERD, standardized DB, and AE exercise training 
significantly improved the QOL of the patients, but this 
benefit was greater in DB group. Only DB significantly 
changed LES pressure. In the control group, we did not find 
any significant change in LES pressure and QOL. 
We used two respiratory exercises (DB and AE) as 
an intervention because gastroesophageal reflux impairs 
pulmonary function, and reflux is a common disease in 
patients with asthma and chronic cough that decrease 
respiratory parameters and QOL.22 Pulmonary desease 
mortality is still increasing worldwide, which needs special 
attention.23 The importance of the diaphragm is recognized 
in maintaining the anti-reflux barrier at the LES. Abdominal 
breathing exercises have been shown to improve GERD 
symptoms.24 Because the diaphragm consists of striated 
muscle under voluntary contraction, patients theoretically 
can be taught how to control these contractions. In the present 
study, DB improved the QOLin patients with reflux, similar to 
what was reported in Ehere study.24 As well, Roman found 
that DB improved reflux symptoms and decreased the 
patients’ need for PPIs.25 
The other finding of the present study was that DB 
increased LES pressure that was the same as Carvalho 
study. They found that respiratory exercise could result in 
LES pressure enhancement.26 
Studies that focused on the effects of PPIs on the reflux 
symptom showed that omeprazole could improve the QOL 
of the patients, but the QOL of the control group in the 
present study did not significantly change. Maybe the 
normal dosage of PPIs should be 40 mg daily to improve 
the QOL of the patients with reflux.27
The effects of AE to improve reflux symptoms have 
contradictory results. The main different aspect between 
these studies is the different exercise intensities: the more 
intensity, the more reflux. Submaximal and moderate exercise 
may have more positive effects on reflux symptoms. 
In the present study, aerobic exercise did not significantly 
change LES pressure, but Herregods, found that running 
decreased LES pressure.28 It is necessary to say that subjects 
in Herregods study ran on a treadmill for 30 min at 60% 
of maximum heart rate, followed by a short rest period 
and another 20-min period of running at 85% of maximum 
heart rate. Menedes and colleagues concluded that light or 
short sessions of physical activity had no influence on reflux 
symptoms, but in the present study, the QOL of the patients 
was significantly improved.17 In the present study, AE had 
positive effects on QOL without any significant change in 
LES pressure. Maybe change in mental aspects by AE 
Table 1: Demographic data of the subjects (Mean SD)
Variables Groups p value*
Aerobic (n = 25) Breathing (n = 25) Control (n = 25)
Age (years)# 37.00 ± 9.25 42.62 ± 8.20 40.31 ± 6.88 0.06*
Weight (kg) 79.20 ± 6.56 74.52 ± 3.14 75.11 ± 4.23 0.84*
Height (m) 1.81 ± 0.21 1.78 ± 0.36 1.79 ± 0.45 0.33*
BMI (Kg/m2) 24.22 ± 1.33 23.58 ± 2.12 23.43 ± 3.14 0.20*
Sex## 13(52%) 11(44%) 13(52%) 0.1**
# (Mean ± SD)            ** Chi Square             ## No of Female(%)          *ANOVA    
Table 2: Comparison of quality of life and LES pressure between subjects of the two experimental groups in different phases.
Variable Number Time-point
Group
F p valueControl Breathing Aerobic
Mean ± SD Mean ± SD Mean ± SD
Quality of life
(QOLRAD Score) 25
Before 3.01 ± 0.45 3.42 ± 0.48 3.41 ± 0.7 2.08 0.13*
After 3.18 ± 0.66 4.56 ± 0.55 3.99 ± 0.9 18.36 0.001**
LES pressure
 (Mm, Hg) 25
Before 20.3 ± 7.42 16.6 ± 6.29 18.4 ± 4.7 1.70 0.19*
After 17.15 ± 4.74 24.3 ± 4.61 19.9 ± 6.46 9.11 0.001**
* ANOVA   
**ANCOVA  
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improve the QOL of the patients.29 Finally, DB had more 
effects on QOL than AE so, the patients with reflux and 
some orthopedic problems who cannot perform AE, can 
benefit from DB to improve their QOL.  
CONCLUSION
DB improved both LES pressure and QOL of the 
patients with reflux. DB had more effects on QOL 
than AE, so injured or disabled patients with reflux 
who cannot perform AE can benefit from DB.
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